Within the altered parts of the glass rim of pillow lavas of Hole 896A, at depths at least 432 m below seafloor (237 m below the top of volcanic basement), microbes have been identified. This is indicated by the size and shapes of alteration textures and verified by the presence of DNA and extreme accumulation of K 2 O. This demonstrates the existence of a volcanic subterranean biosphere. The microbially processed parts of the glass show wide scatter with respect to all major elements, which may be attributed to active cells. Compared to the host basaltic glass, CaO and Na 2 O are invariably depleted, as are SiO 2 and MgO generally. A1 2 O 3 , FeO(t), and TiO 2 show either depletion or enrichment, K 2 O is invariably enriched, and P 2 O 5 may be enriched. Microbes living on, and causing dissolution of, basaltic glass may accommodate elements released from it within the cells, and thus function as individual element reservoirs. Microbes may also produce precipitates or water-soluble compounds. Hence, the microbial alteration of basaltic glass, which comprises a substantial volume of the volcanic component of the oceanic crust and an enormous surface area, may have a significant bearing on the mechanism for chemical exchange between oceanic crust and ocean water.
INTRODUCTION
Weathering, diagenesis, and hydrothermal alteration of silicates play a significant role in the chemical composition of natural waters and the global cycling of elements (Hiebert and Bennett, 1992) . Basaltic glass is reactive and decomposes more readily than the associated minerals. Hence, in many natural deposits such as tephra and pillow basalts the main incipient element fluxes result from interaction between the glass phase and the aqueous solution. The alteration of basaltic glass, which comprises a significant component of the upper part of the oceanic crust, is thus considered a most important process in element exchange between seawater and the oceanic crust (Staudigel and Hart, 1983) . Thus, the understanding of the factors that control alteration rate is of crucial importance.
It is well known that during low-temperature seawater alteration, basaltic glass alters to a brownish composite and geochemically heterogeneous material, commonly referred to as palagonite (e.g., Peacock, 1926; Moore, 1966; Hay and Iijima, 1968a, 1968b; Stokes, 1971; Honnorez, 1972; Jakobsson, 1972; Noack, 1979; Furnes and El-Anbaawy, 1980; Thorseth et al., 1991) . Until recently, the alteration of glass has been viewed in terms of physical/chemical processes only, and different studies have led to contradictory models, such as (1) total (congruent) dissolution of glass followed by the successive precipitation of stable, hydrous substances and hence the formation of palagonite (e.g., Crovisier et al., 1987) and (2) selective (incongruent) leaching of cations replaced by H 3 O + and slower, partial dissolution of network-forming elements, which results in a Sirich, porous material, in which precipitation will accumulate elements (e.g., Berger et al., 1987) . Chemical studies of alteration products from meteoric as well as submarine environments show 'Alt, J.C., Kinoshita, H., Stokking, L.B., and Michael, P.J. (Eds.), 1996. Proc. ODP, Sci. Results, 148: College Station, TX (Ocean Drilling Program) .
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Textural studies using a scanning electron microscope (SEM) on subglacial hyaloclastites in Iceland and the 30-yr-old shallow-marine to subaerial tephra on Surtsey (Iceland) (Jakobsson, 1978) have shown that bacteria and alteration are associated. Bacteria were identified (1) at the boundary between fresh glass and palagonite, (2) in etch-generated channels penetrating a few microns into the glass, and (3) in the porous, sponge-textured palagonite, with pores of the same size and shape as the bacteria (Thorseth et al., 1992b) . From these observations, as well as previous studies on the biogenic effect on volcanic glass (Jones and Goodbody, 1982; Ross and Fisher, 1986) , it was suggested that microbiota may play a significant role in the decomposition of basaltic glass, which has also been experimentally demonstrated (Thorseth et al., in press) .
In this chapter, we report the occurrence of microbially produced textures along thin joints in the glassy margin of pillows at different levels in Ocean Drilling Program (ODP) Hole 896A. We further compare the geochemistry of the microbially processed parts with the adjacent fresh basaltic glass, and, finally, discuss the importance of microbial activity on basaltic glass in the ocean crust in terms of consequences and dimensions.
ANALYTICAL METHOD Scanning Electron Microscopy
For the SEM observations, a JEOL scanning microscope (JSM-6400), connected to a TRACOR NORTHERN (TN 5600 Series II) energy-dispersive spectrometer system with a Z-MAX 30 (diamond window) detector, was used. The analyses were performed at an accelerating voltage of 20 kV. Thin sections selected for investigation were covered with an approximately 300-Å-thick film of carbon.
Light and Epifluorescence Microscopy
Thin sections, embedded in epoxy, were stained with 10 g/mL DAPI (4,6 diamino-phenyl-indole, a fluorescent dye that specifically stains DNA) for 1 min. Excess stain was removed by washing with distilled water. The method follows Porter and Feig (1980) . Samples were examined in a Nikon Microphot microscope using light transmission and epifluorescence with an excitation light wavelength of 365 nm and an emission wavelength of 420 nm.
Electron Microprobe Analyses
Most electron microprobe analyses were performed on a fully automated CAMECA CAMEBAX in Oslo, using an acceleration voltage of 15 kV and a beam current of 5 nA. For calibration, appropriate mineral standards were used. Counting times were 10 and 5 s on the peak and background, respectively. Additional microprobe analyses were done with a four-spectrometer CAMECA SX-50 at Corvallis, using an accelerating voltage of 15 kV and a beam current of 50 nA. Counting times were 10 s, except for Al and Ti, for which the counting times were 20 s.
DESCRIPTION OF INVESTIGATED MATERIAL
Volcanic basement consisting of pillow basalts and minor massive flows and breccias was cored from 195.1 to 469 m below seafloor (mbsf) (Shipboard Scientific Party, 1993) . The investigated material reported in this account comprises five samples from the rim of pillow lavas, of which the four deepest samples were the most extensively studied: Samples 148-896A-7R-1, 52-55 cm (255.75 mbsf]), 148-896A-9R-1, 17-21 cm (266.87 mbsf), 148-896A-11R-1, 73-75 cm (286.73 mbsf), 148-896A-11R-1, 111-113 cm (287.11 mbsf), and 148-896A-27R-1, 114-117 cm (431.64 mbsf) (for detailed petrography and geochemistry, see Shipboard Scientific Party, 1993). Above basaltic basement is a cover of 195 m of dominantly siliceous nannofossil oozes, described from the adjacent Hole 504B (Anderson et al., 1982) .
Textures
In the 1-to 2-cm-thick glass rim of the pillows, there are cracks of different generations. Along most of the cracks are zones and irregular patches of altered glass (PI. 1). In many cases, the alteration patches are developed only on one side of a joint (e.g., PI. 1, Figs. 1, 2). Also, a common appearance is sausage-like shapes along joints, as demonstrated in Plate 1, Figure 3 . In all samples investigated there are clearly different generations of alteration patches along the joints, from those with no alteration, to the very incipient and advanced stages (PI. 1, Fig. 4 ). These patches consist mainly of aggregates of (1) small spherical bodies (type 1) 0.5-1 µm in diameter, defining patches up to approximately 50 µm thick on either side of the cracks; (2) two less dominant groups of larger spherical bodies 2-3 and 5-10 µm in diameter (types 2 and 3, respectively) (PI. 2); and (3) vermicular bodies up to 70 µm long (type 4) surrounded by fresh glass (PL 3). These textures, by their size and shape, strongly indicate that they were produced by the etching of microbes, as reported from both naturally and experimentally altered samples (Thorseth et al., 1992a (Thorseth et al., , 1992b . Types 1 and 4 were found within all investigated depth levels, but types 2 and 3 were not found at the shallowest levels (in Samples 148-896A-7R-1, 52-55 cm, and 9R-1, 17-21 cm, at 255.75 and 266.87 mbsf, respectively).
A general feature in all samples investigated is that the smallest spherical alteration bodies, type 1, appeared first along joint surfaces. At a more advanced stage of alteration, the larger spherical alteration bodies (types 2 and 3), as well as the vermicular type 4, are apparent. Only at the alteration front, where interstitially, fresh glass is still present, is it possible to identify the four alteration types (PI. 2, Figs. 1, 2; PI. 3, . Where the glass has been totally altered, all textural evidence of microbial activity is generally obliterated.
The four different types of bodies were originally used for the convenience of description. To what extent the smallest spherical bodies (type 1) represent slices of bigger bodies (types 2 and 3), type 2 bodies represent slices of the bigger type 3 bodies, and types 2 and 3 represent sections perpendicular to tubes (type 4) is difficult to estimate. However, with respect to type 1, it is common to find this size group only. Similarly, in some places, types 1 and 4 may be dominant, whereas in other places, types 2 and 3 may be well represented, without any traces of type 4. Furthermore, there are no continuous size gradations between the spherical types 1, 2, and 3. Therefore, we think that the four morphological and different-size types are real, and that they may represent areas produced by different types of microbes.
To verify the existence of microbes, independent of the textural evidence, the samples were investigated, prior and subsequent to DNA-specific DAPI staining, by ordinary light and epifluorescence microscopy. The result of this test is shown in Plate 4, Figures 1 and 2. The aggregates consisting of the smallest sized spherical bodies (type 1) fluoresce, in particular adjacent to the fresh glass, which demonstrates the presence of DNA-containing cells with a size similar to that of bacteria (PI. 4, Fig. 2 ). Similar tests, with three different types of staining from that used for this account, were performed by Giovannoni et al. (this volume) . These all gave the same result as reported here.
GEOCHEMICAL RESULTS
A total of 282 microprobe analyses were conducted for the present study. Forty-seven analyses of the fresh glass were performed (Table  1) ; of the microbially processed parts defining the different textures, 68, 33, 41, and 55 analyses of types 1, 2, 3, and 4 were performed, respectively (Table 2) . Thirty-eight analyses from four profiles across altered basaltic glass with a central joint (Table 3) were also made.
Basaltic Glass
The fresh glass analyses are shown in Table 1 
Microbially Processed Glass
The micropits and microchannels (Pis. 1-3), supposedly caused by microbial etching, contain amorphous material. Microprobe analyses of the various spherical (types 1-3) and vermicular (type 4) bodies are shown in Table 2 . The totals of the analyses of the microbially processed glass show large variations, from 99.51 to 64.80 wt% ( Table  2 ; Fig. 1 ). For the smallest spherical bodies (type 1), most of the totals range between 94 and 83 wt%. A rather similar distribution is shown by the vermicular bodies (type 4), but the majority of the totals of these bodies range between 92 and 80 wt%. Spherical types 2 and 3 define a rather similar distribution of the analytical totals and show a continuous range between 92 and 64 wt%. The low, and highly different, totals may be caused by such factors as analytical problems, variable H 2 O content, and/or porosity, in addition to other components that were not analyzed by the electron microprobe (C, N, O, P, etc.). The range of analytical totals may to some extent reflect the interaction of beam and of secondary X-rays with the fresh glass. This may be suggested by the fact that type 1, representing the smallest bodies, in general has the highest totals, which, in some cases, approach the composition of the fresh glass (Table 2) . To avoid this problem as Notes: FeO(t) = total iron reported as FeO. ND = not determined.
much as possible, we carefully selected the areas for analyses where clusters of several bodies occur. In a chemical study of palagonite by Thorseth et al. (1991) , a good negative correlation between total wt% oxides (approximately 90-50) and percentage measured porosity (approximately 0-45) could be demonstrated. The same phenomenon (i.e., the lower the total, the higher the porosity) may be the case in this study. However, we have not been able to check this possibility. In the following diagrams, the unmodified data are used.
Figures 2 through 5 are chemical variation diagrams of the morphologically different forms (types 1-4) at various depths. All four types show large variations with respect to the analyzed elements and, in general, the same pattern of scatter. Compared to the fresh basaltic glass, CaO and Na 2 O are invariably depleted, and SiO 2 and MgO are commonly depleted. A1 2 O 3 , FeO(t), TiO 2 , and P 2 O 5 show both depletion and enrichment, and K 2 O is strongly enriched. In general, Na 2 O shows progressive loss with increasing K 2 O. Two elements that, to a large extent, show only minor deviation from the fresh basaltic glass are FeO(t) and TiO 2 ; however, with the exception of type 2 (Fig. 3) , there is no correlation between the two elements. With respect to types 1-3, some of the analyses show an extreme depletion in FeO(t). The smallest bodies (type 1), which represent the dominant type, have a rather similar chemical composition (with respect to A1 2 O 3 , FeO(t), and SiO 2 ) to fresh basaltic glass. The other three types are much more depleted in SiO 2 .
The morphological types may show pronounced differences in chemical composition related to the depth at which they occur (Fig. 6) . This is particularly well demonstrated for the deepest sample (148-896A-27R-1, 114-117 cm; 431.64 mbsf), which is consistently lower in A1 2 O 3 and generally lower in FeO(t), TiO 2 , and K 2 O than the three higher-level samples.
Geochemical Profiles
Chemical analyses were performed along profiles from each of the investigated samples across microbially altered glass. Each of the altered areas has a central fracture. The analyzed points along the four profiles (Table 3) are shown in Plate 5, and the chemical results are in Figure 7 . For all the elements, pronounced chemical gradients can be demonstrated. From the fresh basaltic glass to the crystalline material of the central fractures, the four samples show a similar pattern with respect to several elements. Thus, CaO and Na 2 O get progressively depleted toward the fracture. SiO 2 also shows a progressive depletion toward the fracture, but may show a slight enrichment closest to the fresh glass. The pattern shown by A1 2 O 3 is rather similar to that of SiO 9 , but the enrichment adjacent to the fresh glass is more pronounced. TiO 2 is the most stable element, though it may show some pronounced variations, and is invariably low in the central fracture. With respect to FeO(t), MgO, and K 2 O, the upper three samples (148- 896A-9R-1, 17-21 cm; 11R-1, 73-75 cm; and 11R-1, 111-113 cm) show consistently similar patterns that differ from that of the lowest sample (148-896A-27R-1, 114-117 cm). Thus, FeO(t) and MgO for the upper three samples are depleted adjacent to the fresh glass and increase progressively toward the fracture. With respect to the deepest sample, FeO(t) and MgO do not show consistent depletion adjacent to the fresh glass, and MgO shows the lowest concentration in the fracture. K 2 O shows, for the upper three samples, a consistent pattern in which the highest concentration is closest to the fresh glass with concentration decreasing toward the fracture. For the deepest play?
148-896 A-
sample, however, K 2 O is generally lower in the altered glass and is highest in the fracture.
DISCUSSION
Some crucial questions in this connection are as follows: (1) are bacteria especially attracted by the basaltic glass; (2) how do they dissolve it; and (3) 
Bacteria-Basaltic Glass Problem
Simple experiments in which granular, slightly altered basaltic tuff is subjected to bacteria-contaminated distilled water show that the bacteria to a large extent prefer settlement on the fresh glass particles. Three different models may be proposed. First, glass surfaces may serve as binding sites for organic material that could serve as substrate for bacterial metabolism (Krumbein, 1983; Ehrlich, 1981) . Second, glass contains elements that could serve as electron acceptors in a respiration process. Bacteria from a depth of 400 mbsf, retrieved from below 200 m of marine sediments, probably have an anaerobic metabolism. Possible electron acceptors would be Fe or Mn (Jannasch and Mottl, 1985) . Third, glass contains crystallization energy, which, if released in a biologically useful way, could serve as an energy source for bacterial metabolism.
The textural as well as chemical development of basaltic glass surfaces has been demonstrated by previous studies on natural glass (e.g. Thorseth et al., 1991; Thorseth et al., 1992a Thorseth et al., , 1992b and by experimental studies (Berger et al., 1987; Crovisier et al., 1987; Gislason and Eugster, 1987; Guy and Schott, 1989; Thorseth et al., in press ) that demonstrate clearly that the glass materials may dissolve by various mechanisms.
To dissolve the glass congruently, its Si and Al networks have to be destroyed. This phenomenon may occur over a large pH range, from nearly neutral to alkaline conditions, but to achieve a high rate of dissolution, a pH > 9 is required (Guy and Schott, 1989) . At acidic conditions, the glass dissolves incongruently by selective leaching of Fe, Al, and Ti (Paul and Zaman, 1978) . Local pH conditions will be achieved in contact with, or adjacent to, bacteria (Golubic, 1973; Peschek, 1987) . In an experimental approach to determine the extent to which bacteria may dissolve basaltic glass, two different stages were discovered (Thorseth et al., in press ). The first mechanism encompasses total dissolution of the glass, resulting in a biopitted surface, followed by selective leaching of all elements from the glass except Si, which are suggested to take place at high and low pH, respectively. Thus, one may suggest that the micropits and microchannels that define the four alteration-generated bodies (types 1-4; Pis. 2, 3) formed as a result of microbial dissolution of the basalt glass. However, the four different types of bodies are heterogeneous with respect to all oxides (Figs. 2-6 ). As discussed below, these chemical features may, by applying the results of the experiment of Thorseth et al. (in press) , be the result of microbial processes.
Where Can Microbes Exist?
Observations of bacterial activity in aquifers and deep oil wells (Straube et al., 1990; Rosnes et al., 1991; Bernard et al., 1992; Hiebert and Bennett, 1992) have triggered discussion as to whether bacteria are indigenous or introduced during sampling or by the injection ofwater (DemingandBaross, 1993; Parkes and Maxwell, 1993; Stetter et al., 1993) . Microbes live in high-temperature regions in the lithosphere, such as oil reservoirs, aquifers, iron-rich ores, ocean rifts, and hot springs (Brock, 1985) . Bacteria are known to grow at 110°C (Huber et al., 1989) and up to 1000 bar (Jannasch and Taylor, 1984) . The definite limit of life is still unknown. Brock (1985) suggested 150°C as an upper limit, whereas others would accept temperatures approaching 400°C at abyssal depths (Deming and Baross, 1993) . In large parts of the upper oceanic crust containing pillow lavas, temperature would not limit microbial activity. On the basis of the textural relationships and the DAPI staining (Pis. 1, 2), we conclude that microbes, at least 237 m deep in the volcanic basement of the oceanic crust at a temperature of about 70°C (Shipboard Scientific Party, 1993) , have attached to the basaltic glass, accelerated its dissolution at the glass/cell interface, and resulted in the formation of narrow channels in which they live. These observations establish the existence of a subterranean biosphere.
Geochemistry Controlled by Microbes
We have shown that microbes attach to basaltic glass surfaces and cause dissolution (Thorseth et al., in press) . To account for the chemical trends shown in Figures 2 through 6 , we suggest that they most probably can be attributed to microbial processes. Important in this respect is the experiment in which basaltic glass was immersed in growth media inoculated with mixed cultures of bacteria enriched from Surtsey tephra (Thorseth et al., in press ). The experiment showed that the cell walls of bacteria attached to the glass and accumulated Si and Al. The concentration of the elements may vary con- siderably, probably depending on the variety of bacteria. Other elements accumulated are Mg, Ca, Fe, K, and P. A study by Ferris et al. (1986) showed that thermophilic bacteria living at approximately 60°C in hot springs appear to provide the nucleation sites for iron-silica phases. Similarly, iron oxide/silica materials from the seafloor at several spreading ridges are porous and consist of branching filaments (Juniper and Fouquet, 1988) .
A recent observation is the identification of nannobacteria (0.05 to 0.2 µm in diameter) occurring in different natural environments and their ability to cause precipitation of a large number of components such as silica and silicates and iron oxides (Folk, 1994) . These may be comparable in size to those microbes responsible for the type 1 alteration textures. However, the concentrations of SiO 2 , A1 2 O 3 , TiO 2 , and FeO(t) within the microchannels are roughly similar to that of the adjacent glass (Figs. 2-5) . We think that the most effective way of accumulating Si, Al, and Fe is by precipitation in capsular material surrounding the cell wall, whereas Ca and Mg are lost. The high concentration of K 2 O (mostly between 1 and 2 wt%; Figs. 2-6) within the microbially processed areas is a property that can be attributed to viable cells (Harder and Dijkhuisen, 1983) . Furthermore, these high concentrations were not derived from the host basalt glass, as they had an average K 2 O content of about 0.03 wt% (Shipboard Scientific Party, 1993) . The only possible source for K is seawater, of which large amounts would have to circulate through the rocks.
Consequences and Dimensions of Microbial Activity
What are the possible consequences and dimensions of the microbial activity on the basaltic glass in terms of geochemical budgets in the oceanic crust and the ocean water? In this respect, it is appropriate to first make some primitive estimates on (1) the volume and surface area of basaltic glass within the oceanic crust and (2) the rate of microbial processing.
Volume and Surface Area of Basaltic Glass
Concerning the amount of basaltic glass available for microbial processing, the principal source of basaltic glass is the upper part of the oceanic crust, of which 500-1000 m consists predominantly of pillow lava. Measurements of a large number of olivine tholeiitic pillows from subglacial sequences in Iceland show an average diameter of 35 cm, with a glass rim thickness of 1 cm (Friedleifsson et al., 1982) . Allowing for 1000 m of pillow lavas of the above dimensions packed in the closest possible way, and allowing further that about two-thirds of the surface area of the Earth's crust is oceanic, the total volume of basaltic glass (fresh and/or altered) is estimated at 6 × 10 6 km 3 (1.7% of the total volume of the pillows that are regarded as spheres) and the surface would cover an area of 3 × 10 l2 km 2 . This area is about 4 orders of magnitude larger than the surface of the Earth (3.6 × 10 8 km 2 ).
Rate of Microbial Processing of Basaltic Glass
Concerning the rate of microbial processing of basaltic glass, our experimental studies so far indicate that it may be high (Thorseth et al., in press ). In a natural environment such as the oceanic crust, the net effect of microbial activity is probably much slower. The process must have been discontinuous, interrupted by eruptions of new lava that would sterilize the old surface and at the same time bury organicbearing sediments that had accumulated after the previous eruption. In order for the microbial process to proceed, recolonization of the glass surface is required. The encapsulated organic material would provide a substrate for bacterial growth. Nevertheless, the rate of microbial glass dissolution is probably limited by the supply of energy or organic carbon.
The demonstration of cells in 6-m.y.-old basaltic glass in the oceanic crust suggests that large portions of the oceanic crust that contain pillow lava are subjected to microbial weathering of the glass. Temperature and pressure conditions in the upper 1000 m of the oceanic crust would not prevent bacterial growth. Although the mechanism for energy and carbon supply for microbial growth, the identity of the microbes, and the microbes' affinity for glass surfaces remain to be shown, their presence in the deep oceanic crust shows the existence of a deep subterranean biosphere of large dimensions.
Implications for the Oceanic Crust-Seawater Budget
Basaltic glass is a major and most easily degradable component of the upper oceanic crust, and its importance for the oceanic crust-seawater budget is well known (e.g., Staudigel and Hart, 1983) . In this account we do not attempt any calculation of elemental budget, but would like to emphasize that the occurrence of microbes within the basaltic glass and the way they behave may add to a better understanding of the highly complicated alteration process. We have suggested that microbes may rapidly dissolve basaltic glass, but that the microchannels are subsequently filled with amorphous material. Microprobe analyses of the microbially processed basaltic glass show that all elements vary considerably. The presence of microbes may explain several processes controlling the observed element behavior. Microbes tend to accumulate Mg or K, whereas Na is pumped out of the cell (Harder and Dijkhuisen, 1983; Skulachev, 1992) . The cells may also accumulate Al, Si, Fe, and Ti, as well as cause precipitation of various amorphous hydroxides (Ferris et al., 1986; Juniper and Fouquet, 1988; Folk, 1994) . Thus, the elements released from the glass may not be lost, but be partially stored where the dissolution took place. The results presented above strongly suggest that the initial step in, and perhaps a substantial part of, alteration of basaltic glass is a result of microbial activity. The consequences this may have in terms of element loss from the crust to the ocean or vice versa is difficult to estimate, unless the precise amount and composition of secondary minerals of the oceanic crust are known. The extreme accumulation of K, which is most pronounced adjacent to the fresh glass, must, however, have been concentrated by capture from seawater.
SUMMARY
The main results of this study, focusing on the textures and chemistries of altered basaltic glass from the rim of four pillow basalts at depths from 72 to 237 m in the volcanic basement, can be summarized as follows:
1. Along cracks in the 1-to 2-cm-thick glass rim of the pillows, there are zones and irregular patches of altered glass that consist of aggregates of (a) a dominant group of small spherical bodies 0.5-1 µm in diameter (type 1) that define patches up to 50 µm thick; (b) larger spherical bodies 2-4 and 5-10 µm in diameter (types 2 and 3, respectively); and (c) vermicular bodies (type 4) up to 70 µm long. The size and shape defined by these bodies are strongly indicative of microbial etching. Further, the presence of DNA, combined with extreme enrichment of K within these bodies, verifies the existence of viable cells. These observations establish the existence of a volcanic subterranean biosphere.
2. The chemistries of the four groups of differently sized or shaped bodies show large within-group variations. Compared to the host basaltic glass, the general trend is invariable depletion of CaO and Na 2 O; common depletion of SiO 2 and MgO; depletion or enrichment of A1 2 O 3 , FeO(t), TiO 2 , and P 2 O 5 ; and invariable enrichment of K 2 O, highest adjacent to the fresh glass. Another well-defined chemical feature is that the deepest samples show consistently lower concentrations of A1 2 O 3 and generally lower concentrations of FeO(t), TiO 2 , and K 2 O than the other three.
3. The above-mentioned textures suggest that microbes dissolve the basaltic glass and live within the micropits and microtubes, where they subsequently accumulate elements in their cell walls or cause the precipitation of elements.
4. This microbial process is important for understanding the chemical budget between the oceanic crust and ocean water. An illustrative example is the extreme enrichment of K 2 O in the microbially processed glass, for which the only possible source is seawater. Plate 1. BSE-SEM photomicrographs of an altered glass rim of pillow lava. All samples contain fractures, along which the degree of alteration is highly variable, from very incipient to advanced stages of alteration. The development of alteration patches on only one side of the fractures in all samples is particularly well exhibited in Figures 2 and 4 . The sausage-like alteration pattern is shown in Figure 3 . The fresh basaltic glass is light gray, the altered parts are dark gray, and crystals (all plagioclase) have an intermediate gray color. 1. Sample 148-896A-9R-1, 17-21 cm. 2. Sample 148-896A-11R-1, 73-75 cm. 3. Sample 148-896A-11R-1, 111-113 cm. 4. Sample 148-896A-27R-1, 114-117 cm.
